Interaction of antiplatelet drugs in vitro: aspirin, iloprost, and the nitric oxide donors SIN-1 and sodium nitroprusside.
The interaction of three antiplatelet drugs was studied in vitro: aspirin, an inhibitor of the cyclooxygenase pathway of platelet activation; iloprost, a stable analog of prostacyclin that increases platelet cAMP; and the nitrix oxide donors SIN-1 and sodium nitroprusside (SNP), which both raise platelet cGMP. Platelet adhesion and aggregation evoked by collagen/ADP were measured in anticoagulated blood under physiological flow conditions using the new Thrombostat. Aggregation was also measured in platelet-rich plasma (PRP) upon stimulation by a low (2.5 micrograms/ml) and high (20 micrograms/ml) dose of collagen, ADP, or thrombin-receptor activating peptide (TRAP). We found a synergism between iloprost and aspirin in inhibiting platelet adhesion/aggregation in flowing blood and aggregation of PRP stimulated by collagen. The mean inhibitory concentrations (IC50) of iloprost in the presence of aspirin were much lower (0.7 nM and 0.5 nM in flowing blood and low-dose collagen-stimulated PRP, respectively) than in the absence of aspirin (3 and 3.6 nM, respectively). Synergism between SIN-1 and aspirin was observed in inhibiting platelet activation in flowing blood but was much less pronounced in inhibiting collagen-induced aggregation of PRP. SIN-1/SNP and iloprost synergistically inhibited the aggregation of PRP induced by collagen as well as platelet adhesion/aggregation in blood. We found that two protein substrates of cAMP- and cGMP-dependent protein kinases, rap1B and a 50 kD protein, were associated with the functional synergism between SIN-1 and iloprost and were synergistically phosphorylated by platelet treatment with both iloprost and SIN-1. Platelet inhibition by SIN-1, iloprost, and aspirin was synergistic when measured in blood. In contrast, only additive effects of SIN-1 and iloprost were observed when platelet aggregation was measured in aspirin-treated PRP stimulated by ADP, TRAP, or collagen. Our study defines the basis for a more effective antiplatelet therapy using a combination of cGMP- and cAMP-elevating and cyclooxygenase-inhibiting drugs. The results also emphasize the importance of using various methods for the evaluation of antiplatelet drugs.